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Abstract 
This paper presents a research project named ALF (Aires de Livraison du Futur, Next Generation Delivery 
Areas). The project’s purpose is to increase the use of delivery areas by prior booking by professional delivery 
operators, and make dynamic adjustment of their booking, if necessary. Information technologies with mobile 
communicating devices and in-roadway sensors are used in front of the information management process system. 
In this paper, the general context and the methodology used to handle the problem are introduced in a first part. 
The second part discusses the system architecture and the human interactions that allow users to book a delivery 
area for a given period. The third part describes the computational process allowing the delivery rounds 
preparation, with a solution based on distributed negotiation between multi-agents representing the delivery 
operators. The way this system allows dynamic adjustments of the proposed rounds is also described. The 
conclusion summarises main configurations of the system and lists innovative services which could be added to 
delivery areas and allow more efficiency for sustainable development of the cities. 
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1. Introduction 
In urban areas, goods deliveries for professional and private customers generate an important flow of vehicles, 
from small vans (for express deliveries) to trucks (to supply the largest stores). Delivery services are increasing due 
to just-in-time management, e-commerce development and the emergence of new customer behaviors (home 
delivery, drive and delivery lockers). Just-in-time service ensures that each customer is provided with exactly what 
is needed, exactly when it is needed, and in the exact quantity needed. All of this makes goods traffic complicated 
in the town centres, with negative effects on the traffic of the vehicles and public transport by causing traffic jams 
for instance.  
In the European cities, and mainly in France, we note an important part (from 70 to 80%) of double-parked 
deliveries. Such behaviour creates congestion, pollution and conflicts between road users. In this context, specific 
areas called “delivery areas" were created to improve the delivery drivers’ work, and to decrease the congestion. 
Nevertheless, the deliveries continue to double-park, the delivery areas being regularly occupied by non-authorized 
vehicles (individual cars). 
In this context we proposed a new approach in which the delivery operators can book delivery areas for a 
limited period in advance, using a common ICT reservation system.  
The research project has been supported by the LUTB (Lyon Urban Truck and Bus), a French cluster of 
competitiveness, created in 2005, dedicated to the optimization of the individuals and goods transport in urban 
zones. It was funded by the Sustainable Development French Ministry. The consortium was composed of research 
laboratories (the LIRIS lab. for computer science abilities, and the LET for transport expertise, both located in the 
University of Lyon), one consulting company (Interface Transport), two large companies (Volvo IT and Orange) 
and Lyon conurbation officials. The large city of Lyon (1.3 millions of inhabitants) was selected for the experiment 
(David, Chalon, Patier, Routhier, Deslandre, Hassas et al., 2012). 
2. Methodology 
Among the various experiments led in European Countries, only a few are concerned the delivery space 
improvement. In particular, in the project “FREILOT” (Urban Freight Energy Pilot, 2009-2012), four existing tools 
for the improvement of urban logistics were simultaneously experimented in four European cities: Bilbao, 
Cracovie, Helmond and Lyon. (Gonzalez-Feliù, Pluvinet & Gardrat, 2013). Delivery space booking was tested in 
two cities, Bilbao and Lyon. In Lyon, two streets were put at the disposal for one year by the city, within the 
framework of the experiment, "reservation of the delivery areas". Only the on-line reservation was possible. 
Contrary to ALF project, no software for a new allocation of already booked delivery spaces was developed. 
The ALF project consists in producing software which allows users to allocate in real time another area of 
delivery in case of unforeseen occupation and to reorganize the round of the deliverers according to the hazards of 
the circulation. The space booking of all delivery areas of a round was made possible. 
The research takes into account the current characteristics of urban deliveries, the technical and policy measures 
that govern them and the constraints concerning their production (Patier & Routhier, 2008). The main objective 
was to study the adequacy of the capacity of the delivery area park and the delivery demand, and to propose a new 
concept of delivery place booking to improve the relationship between the supply of delivery (parking) places and 
the demand. It was based on a data analysis of the goods deliveries to enhance the practices and the constraints 
which could exist between the users. A relevant test perimeter was selected, in the city centre. It concerned a very 
dense part of the city (both economic activities and residents). An assessment of current functioning has then been 
realised. The approach was constructed in three phases:  
x Evaluation of the demand in delivery areas, 
x Elaboration of an interactive system of delivery areas booking, and 
x Model architecture building. 
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2.1. Evaluation of the demand in delivery areas 
Knowledge of the needs of deliveries areas and of the behaviour of the users is an essential step to build the 
architecture of the model. The evaluation of the demand was realized thanks to four complementary methods: 
2.1.1. Census and observation of delivery area functioning 
An exhaustive census of the delivery areas (number, size and location) has been realised for the city centre. 
Then, the analysis of three representative delivery areas of the Lyon city centre was realised. Several surveys were 
realised in order to observe and document the movements of vehicle on the delivery area during the day. They 
were realized during five days of the same week to deeply observe the conditions of deliveries in the target 
perimeter. The collected data concerned the number of observed vehicles, the duration of the stops, the exact place 
where the vehicles park, the hourly profile of the delivery area, the realized operations, the vehicle types, 
packaging of goods and handling means used, the rate of rotation of vehicles on areas and, if the operator is a 
carrier, his/her identity, the origin and the size of the run, the eventual subcontracting. That permitted to elaborate a 
typology of the delivery areas according to their size, their place of setting-up, and the operators that are connected 
with it (local firms and delivery operators) like the occupancy rates of the areas. The data collection gave us a great 
amount of knowledge about both the loading area and the roadside occupancy.  
2.1.2. Interview with the storekeepers, delivery drivers and the local activities 
One hundred of delivery drivers were interviewed in order to know the course of the rounds: management mode 
(own account or third party), organisation mode (direct trip or rounds, number of stops), origin-destination, 
location of loading and unloading, etc. 
A survey allowed analysis of the behaviour of the concerned actors. The intended targets were: retailers, 
storekeepers, services, carriers, deliverers, public transport agents, the departments of the City hall (in charge of 
transport regulation,s circulation supervision and the urban infrastructures). The behaviour of carriers and 
deliverers has been specifically studied in order to understand their round organisation, itineraries, timing, and the 
capacity for integrating the booking system. The carrier’s survey was particularly precious because it enabled us to 
know how the carriers work (the road maps used, which software of round optimizing, defining the deadlines for 
preparing the orders, etc.) and their capacity to join the system. 
2.1.3. Simulation of deliveries generation in a widened perimeter  
Such analysis was realized in a widened perimeter (hyper city centre) thanks to FRETURB © software 
(Routhier & Toilier, 2007), developed by the LET. An exhaustive list of the firms located in the area of influence 
of the three areas was established. Application of the model has been realized on the same perimeter where the 
“ground surveys” were conducted. The delivery areas observed during the survey were analysed, not according to 
punctual counting, but according to the characteristics of the French national surveys, “Urban Goods Transports”. 
(Ambrosini, Patier & Routhier, 2010). They allow the simulation of the deliveries/ removals demand by 
establishments situated in a 50 meters perimeter around each of the delivery areas. We obtained the number of 
deliveries/pick ups generated by all activities carried out in the perimeter by type and size of vehicles involved, the 
duration of delivering, and a simulation of double-parked cars during the day. 
 The simulation of the rounds is made possible by the implementation of a model developed recently by the 
LET: SIMETAB  SIMTURB (Pluvinet, Gonzalez-Feliu & Ambrosini., 2012). 
This first phase created for us a comfortable context to propose an ICT system in charge of urban freight 
problems and more specifically of delivery round based on delivery areas booking and dynamic adjustment if 
necessary. 
3. Principles of an Interactive System Managing Delivery Areas Booking  
After receiving the main functional requirements from our colleagues concerned by qualitative and quantitative 
characteristics (more than 300 delivery areas, 5 to 15 stops for a delivery round, each stop duration between 15’ to 
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30’, etc.), we studied the technical feasibility of our system called SyGAL (French acronym for Delivery Areas 
Management System), (Zuev, 2011). From an ICT point of view, we expected that it is possible to design a web-
based system which is able to manage delivery areas reservations, and to deliver this information in a mobile and 
distributed way, in order to allow the different actors (static: logistician, or dynamic: delivery driver) to access 
these reservations both in reading or writing mode. Dissemination of this information to in-lorries integrated 
devices and/or personal devices (Smartphone, Internet tab…) is technologically possible. Next, we decided to 
clearly model the delivery problem. We identified actors, roles, operations, global organizations and actors’ 
workflows and their interactions.  
Distribution senders, distribution providers and distribution addressed targets are considered traditional main 
actors, but our approach defines also new and important actors like the Delivery area management authority who 
play an important role defining usage rules, which can be static (type of lorries allowed, type of area equipment 
and access protection, etc.) or dynamic (period of use, etc.). The Traffic management authority is another actor that 
delivers temporal access constraints, which can be recurrent (regulation of lorries circulation in school proximity), 
or non-recurrent (art parade in the street). Related to delivery area management an authority of legal use appears as 
very important, i.e. squatters elimination.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. SyGAL system architecture. 
The system architecture is presented in Fig. 1. In addition to the main actors mentioned earlier, an information 
system related with in-road sensors is provided as well as a delivery area reservation module. Occupancy signs that 
are manipulated by the Road Management Service and the Delivery Area Booking Management Service are also 
provided. The first service is updated by City of Lyon & Grand Lyon administration body and the last one by 
delivery company logisticians or drivers – delivery men. The role of Authority of legal use is to determine if the 
current occupancy is legal or not and to distribute penalties in if this not the case. 
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Fig. 2. Delivery problem modelling view 
In Fig. 2 the delivery management process is summarized. A delivery company receives from goods senders the 
packages to be distributed. The company logisticians organize rounds planning which take into account appropriate 
segmentation of goods to be distributed in relation with corresponding characteristics (destination address, 
expected delay of delivery, transportation constraints (deep-frozen), volume and weight). The location in the lorry 
can be also determined in order to facilitate the handling. If during the round traffic conditions disrupt the expected 
time schedule, the driver is asked to free the delivery area reservation which he will not be able to use and to 
modify his round plan to using free slots in the delivery area schedule. If this process appears to be too complicated 
for him, he is able to ask to one of his company logisticians to reschedule his round.  
Different ways have been studied to solve the scheduling process. A first choice was between manual – 
interactive scheduling versus a computational process based on algorithmic solution. For short list of goods to 
distribute, interactive approach seems feasible, for more complex problem computational solution could be more 
appropriate. Our SyGAL system allows interactive manipulation and is schedule oriented. A computational 
approach is presented in the next section (David, Yin, Zhou, Xu, Zhang, Jin et al., 2012). 
In the interactive approach, the logistician workplace user interface is pointed out in Fig. 3, 4 and 5. Initial list 
of deliveries is proposed, with appropriate characteristics. Segmentation and lorry allocation is done in relation 
with the availability of a delivery area near the delivery address point. Google Maps is used as the support for 
round scheduling. For the driver – delivery man, the information is presented in the same way on a tablet device. In 
this way he can do a simple rescheduling process. For more complex problems, he may ask the logistician to find a 
new schedule. 
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Fig. 3. SyGAL - Unitary booking 
 
 
Fig. 4. SyGAL – Round presentation (with precise navigation description) 
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Fig. 5. SyGAL – round elaboration based on Delivery areas occupancy grid 
SyGAL system can be used alone i.e. the logisticians of different delivery firms interactively prepare different 
rounds using SyGAL system in a concurrent way. They can also base their work on the use of specific scheduling 
systems in their possession and adjust elaborated rounds in relation with booking, i.e. with temporal delivery areas 
availability managed by SyGAL. Third possibility is to use computational solution, as explained in the next 
section, in conjunction with SyGAL system as interaction and visualization support. 
In the relation with this Delivery Areas Booking approach, it is important to choose appropriate in-the-field 
information system (or device) in order to inform all users on the situation of each delivery area. Indeed for 
appropriate behavior of all users, it is important to communicate to them the real situation of each delivery area: 
occupied, by whom, for which time, etc. Several solutions were identified with different levels of information and 
associated implementation costs. Cheapest solution is no physical sign for giving information on the delivery area. 
In this solution the occupancy information is only given on ICT mobile devices (Smartphone or tablet) and 
therefore is economic, but from a usability point of view it is too limited, informing only persons, who decide to 
actively access to this information. Other users (as private car drivers) can ignore this information and occupy 
inappropriately delivery areas. A more expensive but more appropriate solution is to deliver occupancy 
information in-the-field near delivery area on a dedicated sign board. Several levels of information can be proposed 
(with corresponding cost): minimum information with a light (occupied, free or in near future occupancy), more 
precise information, reserving vehicle identification, time of (not) occupancy or a more complete information 
giving the situation for the next hour. We proposed different solutions that must be evaluated from usability and 
cost points of view. 
4. The Model Architecture Building for Automatically Allocate Delivery Area Resources 
The prior observation stage showed that delivery drivers are double-parked when there is no delivery area 
available in a close perimeter, or because they are occupied by another carrier (legal occupancy), or by an 
individual (illegal occupancy). 
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This problem can be mitigated if the occupancy of delivery areas is planned and respected by all the carriers 
involved in the project. However, the proposed solution must be able to adapt, especially when illegal parking 
prohibits the use of the area. 
Consequently, the main objective of this system is to conceptualize planning of delivery itineraries that avoid 
conflicts of (legal) occupancy delivery areas, but that is also able to manage the risks arising from illegal 
occupancy and the arrival or late departure of another delivery driver, or from one customer’s modification. 
Indeed, the system actually minimizes conflicts of occupancy in the areas of delivery to avoid the hampering the 
traffic and collecting fines, but is does not neglect the duration of the tour, because it has significant economic and 
logistic implications. 
4.1. Information needed 
The system is based on the idea that the end-users will agree to send the detailed information needed (customer 
addresses, type of delivery vehicle, time constraints, the initial location / warehouse where the vehicle is loaded 
and the final location) the night before, to the system. They also propose an initial delivery tour, designed as if all 
delivery areas were available for them, which is called the agent’s initial tour. The system’s results are based on 
carriers’ expertise that is able to decide how many delivery vehicles they will need for their customer deliveries, as 
well as the size of the vehicle(s). 
The system attributes one or several slots of time (15’ have been defined for our experiments) depending on the 
carrier’s type (small vans for express deliveries, or trucks to supply the largest stores). 
The functioning is as follows: once all the delivery data and tours are obtained (a time limit will be set, which 
allows to consider 80% of the delivery rounds for example), the system models the entire delivery rounds and 
analysis them: it detects access conflicts on delivery areas, and proposes changes to some rounds. Carriers validate 
or not the proposed changes, and inform the system, so that the next day, the modelling takes into account the 
actual rounds that will be conducted, in order to assign new real-time time slots for other delivery drivers’ 
demands. Hence this system shares the same database related with the occupancy of the delivery areas with 
SyGAL system presented earlier.  
4.2. Scientific purposes 
The assignment of delivery areas to carriers is a problem of sharing one critical resource. Analytical and 
centralized approaches are first used to solve static problems well known in advance. These conditions do not 
match the problem because of uncertainties arising from the illegal occupancy of delivery areas. Therefore, we 
focused on approaches dealing with dynamic optimization, and specifically multi-agent based modelling. For 
example, MADO meta heuristic (Lepagnot, Nakib, Oulhadj & Siarry, 2009) is a multi-agent system that uses a 
population of agents to perform local searches, and when one of them finds a local optimum, it stores the solution 
and repeats the search in another area of the search space. 
Guided CESNA is a method of solving problems of sharing critical resources based on a multi-agent system, 
which was developed by Guillermo Garcia during his Master Research studies (Garcia Ochoa, 2011), performed 
for the ALF project. Guided CESNA relies on a set of research developed within the thematic project SMA led by 
Salima Hassas, within the GrAMA team (LIRIS-CNRS, France). These works (CESNA (Armetta, Hassas, Pimont 
& Lefevre, 2007), MANA (Lefevre, Armetta, Clair & Hassas, 2011) provide decentralized, adaptive and self-
organizational solutions, based on agent models, for critical resource assignment issues. 
These solutions model the problem through a network of negotiations (complex exchange networks) where each 
node represents an agent that puts forward proposals that satisfy its own constraints (Fig. 6). These proposals are 
then propagated, enhanced or inhibited by interaction with the proposals of other agents. 
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Fig. 6. Modelling of network coordination between agents 
Guided CESNA is an adaptation of such a generic protocol, in which an agent models a delivery operation, 
where proposals of delivery tour are weighted according to the agent’s interest, and where conflict situations are 
explicitly identified and handled. 
One advantage of our approach is that only the local vision of agents (delivery drivers) is given, which is related 
with the elements describing the delivery tours (customers delivery areas). No general model of the problem is 
required; no centralized processing is performed except to identify the nodes from which there is a conflict access 
to delivery areas. The agents concerned with the conflict will resolve by proposing changes, which have the lowest 
impact on the rest of delivery tours. The system then is based on an iterative process: at each step, as long as at 
least one agent is unsatisfied, these agents provide new proposals (in coherence with their own local knowledge of 
its environment (localisation of areas and availability), which are propagated to the others agents to resolve conflict 
access situations. At the end of each step, a recalculation of the agents’ satisfaction level is initiated. 
Another advantage of the model is that, at each iteration, just a finite number of rounds are considered: the ones 
initially proposed by delivery drivers (transmitted the day before) and those changed due to conflict situations 
encountered when pooling all rounds. The exploration of the coordination network is then very fast. 
4.3. Experiments  
Simulated experiments were conducted with the objective to represent as precisely as possible the actual 
functioning of deliveries of goods of a given study area of the Centre of Lyon. This concerned the 1st and 2nd 
districts of Lyon, characterized by a high level of commercial and residential density, with significant daily traffic 
congestion due to the supply of goods (Fig. 1). 
The data were as follows: 324 delivery areas considered; 332 carriers with a round organisation (representing 
75% of the delivery quantity conducted in the city centre); 50 delivery companies; 3750 customers. 
Three different types of carriers were considered: 
x express delivery providers, with an average of 60 delivery stops a day (from 30 to 90); 
x courier service companies, with about 20 customers a day; 
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x e-commerce delivery operators: with about 15 customers a day, which have high time constraints (they used 
usually two delivery periods: one on the morning, another one at the end of the day). 
To better fit with the reality, deliverers in a direct trip (considered disruptive elements of the system) are added 
during resolution. This corresponds to the delivery drivers who make short trips: they will use real time booking 
for deliveries. They represent 75% of the city centre trips. 
Hazards representing illegal occupancy delivery areas (for passenger cars, craftsmen, or a previous delivery 
driver who exceeds the allowed time) are also taken into account in our model: interfering agents are added to the 
simulation, once the first initial set of delivery companies reach a solution satisfying all of them. Therefore, they 
will be confronted with the case where sometimes a delivery area is not available. What can he/she do? He/she’s 
able to ask for another re adjustment of his/her delivery round to the system. Various numbers of such disruptive 
elements were integrated into simulations (from 25% to 50% of previous delivery companies), to analyze the 
impact on the system and its ability to provide a new global proposition that would be convenient for all agents. 
Customers of each delivery agent were created using random points on the map of the perimeter studied and we 
assigned to each recipient a list of 3 or 4 best delivery areas nearby. We also defined local groups of customers: 
within each, it is easy for the delivery driver to permute two customers without a high impact on its delivery round. 
For the calculation of travel time, we tried to be as close to reality. To calculate the matrix of distances between 
delivery areas, Open Street Map ((© OpenStreetMap contributors, 2013) was used for identifying the streets and 
data blocks from the centre city of Lyon, as well as the pgRouting tool (2013), providing geospatial routing 
functionality based on an A* algorithm) for the shortest path calculation between each pair of delivery areas. When 
actual data between two areas could not be achieved with OSM, the Euclidean distance was used. Once the 
distances are calculated, the travel time was determined based on an average speed. In the city centre this was fixed 
to 15 km/h. 
Finally, the model takes into account the criticality of occupancy areas (provided by the LET) to generate a new 
proposal when a conflict in an area is found, the system will look for a nearby area with the lowest criticality to 
decrease the chances of renewed conflict. This increases the speed of resolution. 
4.4. Performance indicators 
x Hamming distance between the final round and the initial round proposed by the carrier. The Hamming distance 
between two sequences of equal length is the number of positions at which the corresponding symbols are 
different.  
x Average of the agents satisfaction level, i.e the percentage of proposed (delivery areas) accepted without 
conflict (satisfaction = Boolean); 
x Average of the interest of the agents, i.e. the average values collected by all, agents for the final proposed 
rounds. 
x The global delivery duration (sum of individual delivery round durations): the lower it is, the best it is from a 
delivery point of view. It might be noticed that delivery round duration encompasses the total time travelled and 
the delivery area occupancy time, including discharge time. 
4.5. Discussion and test results 
With the data used and described below, there is no doubt that we simulate a situation close to reality. After 
several trials conducted for the city centre of Lyon, the following results were observed: 
x The system always finds a solution (i.e. all agents always find a delivery tour without any conflict access to the 
same area). This means that the existing delivery area park seems to suit the activity required for deliveries in 
the perimeter of study (within the time constraints of the customers, the length of the areas, etc.). 
x The execution time is entirely satisfactory: even for calculations that required real time adjustments (when 
delivery drivers require modifications, even simultaneously), resolution is immediate. It should be mentioned 
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that a cleaning process was added, erasing unused proposals of the agents, so the network isn’t growing too fast, 
reaching a maximum size. 
x Each iteration time is acceptable: between 0.11s to 11.21s, depending on the test. The higher the number of 
iterations, the greater the iteration time. This is justified because for each new step, agents have more branches 
(they create proposals) and therefore more nodes have to be considered. Several solutions might be considered 
in order to reduce this time, if required. 
x The average Hamming distance between the initial and final rounds of all deliverers is around 12 (10 to 15 of 
about 43 concerned positions). The maximum observed value is 35, i.e., a proposed final tour with 35 different 
positions of the initial tour (upon 43 initial positions). In our model, the positions considered for the Hamming 
distance concern three different elements, with specific weights: the customer rank within the delivery round 
(+3), the selected delivery area (+2), and the slot occupancy of the area (+1). 
4.6. Benefits of the global delivery area assignment system 
Carriers make their tours with more assurance that the reserved areas will be fully available at the scheduled 
time, the parking area of the city is better exploited, and there is less congestion in the streets. 
Moreover each day, delivery drivers can change the delivery tour in real time (e.g. traffic congestion, customer 
cancellation, etc.), visualizing the schedule occupancy areas and making a request to the system. This is done by 
the user interface proposed by the SyGAL system described earlier. 
The city can also use the information given by our system to adapt the dimensioning of its park areas (length, 
number and opening ranges of delivery areas). For example the fact that recurrent area conflicts are observed in 
some districts could reveal that the level of economic activities is higher against the places provided by available 
delivery areas. 
5. Conclusion 
The objective of the ALF research project was to demonstrate the feasibility and the interest for a system 
allowing end-users to book delivery areas by creating a Proof-of-Concept implementation. The next step is a 
deployment of this solution in a real situation i.e. in a selected city with an appropriate in-the-field information 
system.  
From research point of view we are exploring different new ways to make urban freight and delivery more 
appropriate. We can mention particularly different kinds of cooperation as dynamic sharing between delivery areas 
and private vehicles parking areas; as cooperation of delivery by their consolidation by appointment of delivery 
companies by geographical area and by specific solution for last kilometer delivery (for instance by bicycle). 
The global integration of components and materials within the lorry and/or the delivery area, as well as the 
communication aspects (wireless networking) has only been studied in the ALF project. Their concrete 
implementation should be focused in a second stage of the ALF project.  
The delivery area booking contains a visual signaling system which shows the reserved hours and the licence 
plate of the vehicle which reserved. It is supposed that the carriers that are not members to the system ALF have 
the capacity to park in areas, except when the latter are booked.  
A thought is in progress "to professionalize" the areas of delivery. Additional services would be proposed to the 
users of the system ALF at the same time to improve the conditions of loading, but also to dissuade squatters. 
These new services would be of very diverse nature. We saw that the system, at first static, can become dynamic 
integrating real-time information on the hazards of the traffic or on occupancy of the unforeseen area. The system 
proposes another area or another mode of organization of the round. Other evolutions are possible concerning 
additional services: 
(i)  Shared lockers or means of handling would be given to the deliverers 
(ii) Cooperation could be envisaged with taxis (possibility of car park) except the hours of delivery (system of 
subscription) 
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(iii) Distribution of electrical energy by induction would allow reloading vehicles during the delivery (which 
could be used for personal vehicles except during the hours of delivery). 
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